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The ABFST multiperipheral roodel (1) suggests that the inelastic 
contributions to the unitarity equation build up the asympotic behavioiir 
which corresponds to a Regge pole. On the other hand, the elastic part 
seems to be related with more conplex singularities i.n the J-plane, i.e. 
cuts. Though it was shown by Mandelstam (2) that on the physical sheet 
of the ener^ the so called ABFST cut is canoelled by many partióle 
contributions to the unitarity equation, we recall (3) that his proof 
is not valid in the frainework of the multiperipheral boostrap model 
of Chew and Pignotti (M-). In fact, using the CGL (5) integral eqioation 
with t̂ 7̂0 input-poles, Frazer and Mehta (6) were able to construct a 
simplified model for the vacuum exchanges in which the amplitude 
consists of a Regge pole (the Pomeron) plus the ABFST cut. The pole 
accounts for the elastic shadot.; scattering due to all open inelastic 
channels, while the latter represents exactly the elastic contribution 
to the unitarity sutn. If the model of (6) were to be used as a fair 
approximation to the real vjorld, the cut should be associated v/ith the 
P ■ . This picture for the vacuum singularities is in agreem.ent with the 
recent suggestion that the Pomeron, more than P' , has the properties 
of a Regge pole (7).

Regarding the non-vacuum. exchanges, it has been lately noted that 
at t = O the p Regge pole seems to be dual to that piece of the 
nonflip amplitude which is built, via the optical theorem, from the 
difference of inelastic cross sections for fr p and fr'''p scattering (8). 
This is related to the scherae of '’annihilation duality" (9), introduced 
through the sti.idy of the overlap function, where the non-dominant 
asymptotic part of the elastic anplitude ( p and w in Regge language)
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is assumed to arise from those inelastic channels which are present in 
Xp scattering and absant in the Xp case (X = , p), i. e. the
so called "annihilation channels''.

In this note, our purpose is to investigate whether a simple scherrie, 
inspired in the previous ideas and corresponding to the duality

inelastic part _______ ___ ^  Regge poles ,

elastic part anything else,

has a phenonenological support. Except for the new concept of duality,
thas is not a novel idea. The same hypothesis was employed scme time
ago (10) in estimating the i’elative contribution of cuts and poles at
high energy. Our main result is that the analysis of the best known
processes, i.e. tt p, K~p, pp and pp, in the forward direction,
shows a correspondence of with the p and w Regge
poles, Poneron, and + a +Xp c.e. Xp
vrith the P’ singularity. Here a <sl(mel) ^ represent

total elastic (inelastic) cross sections and total charge exchange 
(Xp ->■ X'̂ n- X<̂ = , K° , n ) cross sections, respectively. Vfe shall 
si'̂ s later a possible theoretical explanation of these results.

We start separating the unitarity relation for forward scattering 
into two pieces, corresponding to elastic or inelastic intermedíate states

Im (V. t = o) = i -  (o| t ± , (1)
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where v = and are respectively the lab ener^ and momentum 
of tíie incident X (or X) particle. Cleariy the canplete amplitudes ape

= F'f . .el inel

Apai^ fran looking for an agreement at high energy betiveen (1) and
(2), on one sida, and Regge singularities on the other, we shall be 
interested in investigating whether this correspondence holds at low 
ener^ in average sense. For tMs purpose we compute, as a basis of 
this global duality, the finite-energy sum rule (FESR)

= /^ dv Im ( v ,  t = o ) , (3)

and analogously for , In the evaluation of the FESR we shall
find the additioiial difficulty of the assignment of the energy 
singularities located below the elastic threshold. We have considered 
as elastic only those contributions to the unitarity sum which involve 
a IT Nj KN (Kí-I) or ÍJN (I\IN) intermediate State. According to this 
remark, tne single partióle poles and the energy cuts below the physical 
thresholds will be classified as inelastic,

We uáll next reproduce our r^sults for the different prccesses.
In all cases we ODjnpare tíie experimental data with the current Regge 
parametrizations of the coirplete ai¡p]a.tude

Im F^~^ (v, t = o) -í- E e (t = o) V “ . (4)
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a) tt'*'p Scattering

We have comparad the experimental (11) and eqs.(l) - (2),
with previous Regge parameters of P , P and P' , obtained from fits to 
finite-energy sum rules and high energy data for the total arnplitudes.
These parameters are, e.g. from ref. (12)

0 (o) = 2.56 rab GeV, a (0) = .55 ,
P P

gp(o) = 21.5 mb GeV, «p(o) = 1 , (5)

6p,(o) = 16.8 irüj GeV, Op,(o) = Al

<̂ 1 elAs noted in ref. (8), from an energy v 'v 14 GeV, = a^+p

and a - O, so that from this energy on, Im corresponds to
O • O • J_

the P Regge pole contribution (sce fig. la vjhere the experimental
jüm is confrontad to the p contribution with parameters of eq.inel
(5) ). To see whetlier the experimental Im is globally dual at
low energies with the p, vie have evaluated the FESR \  eq. (3),
With ~ ^ result agrees, vrithin 5%, with the one suggested
by the P parameters of eq. (5). By allowing the cutoff to take
several valúes in the intermediate energy range we have found that  ̂

can be fitted by a single pole with only vevy slightly different parameters,

It must be noticed that A (1236) obviously does not appear in 
Im 5 but its exclusión is ccmpensated in the sum rule by the
reduction from total to inelastic part of the rest of the resonances.

Regarding the syinmetric forward scattering amplitude, in fig. Ib we
confront tlie experimental Im with the Pomeron contribution given
by parameters of eq. (5). Analogously, fig. le corrpares Im ^el^ with
the P' parametrization. One has to note that at v 5 GeV the Pcmeron
contribution is 5% less than Im , while at v -v 15 GeV it is 2%inei
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higher. In other words, constant at high enerey, víhereas
P' decays too fast. This may indícate either that P' is a singularity 
more complex than a pole or that the conpespondence between P and the 
inej.astic part of tne arnplitude is broken at too high valúes of tlie ener'gy. 
The evaluation of the syrnmetric inelastic sum rule , using experimental
data and including again the nucleón pole, gives as one-pole hest fit for 
2,5 GeV . < . < 4.2 GeV a Parieron residue Bp = 21.2 mb GeV.

b) K~p Scattering

At high energies the antisymmetric arnplitude receives contributLons 
frcm both the w and P poles, the second one being rather small. 
Henceforth, we group them together into the vector mesón pole V, assuming 
degenerate trajectories. The contribution to the syrametrio ainplitude 
is expected to be of the same order of raagnitude as P , but, since elastic 
cross sections on neutrons are not available, we a3?e forced to neglect it. 
This is not a serious shortcoming in our approach, since the vacuum 
contributions are known to be much more inportant. In fig. 2, we confront 
expejpimental data (13) with the above mentioned Regge singularities, whose 
pararneters were taken from previous fits with FESR or (31SR constraints.
From ref. (14)

= 7.7 rab GeV , a,̂ (0) = .55 , (6)

while for the vacuum singularities (15)

gp = 16.8 mb GeV , «p = 1
(7)

Bp, = 5.9 mb GeV , Op, = .62 .

Fig. 2a conpares Im v/ith the V-pole. The experimental valúes
indicate that v 'v 3 GeV, despite the very different
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angular structure of the differeritial cross sections (see D.R.O. Morrison, 
ref. (13) ). Then, for higher energies Im well representad by
V. Figs. 2b and 2c sho; again a rough correspondence of Im with the
Pomeron and of Im with P'. The matching seens to be not so good
in the last case, but we recall that the parameters of eq. (7) are strongly 
Gonstrained at high energy, where the agreement is definítely better. 
íforeover, we cannot be confident on the quoted valué for the P' intercept, 
because this quantity cannot be determinad v;ith precisión in KN phenomenology 
(15,16). As in the Trp case, the constancy of (iCp) is not compatible;
within the present scheme, with P’ being a simple Regge pole.

The evaluation of Î   ̂ , eq. (3)jagrees very well v̂7ith the above
mentioned parametrization for V. As for I^^^ , we get a valué which
is 10% smaller than the Pomeron contribution ofea. (7)(v 4 GeV).c
Ctonsequently the FESR for Im is in excess respect to P* . We must
remark that in computing the sum rules, one should include the unphysical 
región located below the K~N elastic threshold. Essentially, it consists 
of the hyperon poles plus the A (1405)resonance. The last one can be 
evaluated according to a K-iratrix parametrization (see ref. (17) ).
The coupling are rather uncertain, but fortunately the three singularities 
together contribute no more than 1 0 % to the sum rules, so they are not 
essential for our conclusions.

c) pp and pp Scattering

Assuming that A^ and P are negligible, we may parametrize the 
antisymmetric amplitude with uj and the symmetric one with the P + ?' 
system. According to ref. (18) we have
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6 = 4 0 . mb GeV 5 a = .22Cü ^
6p = 32.9 mb GeV , , (g ,

Bp, = 35.8 rnb GeV , oip, = .58

Now, at variance with the previous cases, the experimental data (19) show

that even at = 8 GeV, a ~  ^pp ~  ̂ differoce
is only a sinall fraction of the total cross sections difference (10%). Then,
the identification of Im with the w pole is accurate enough
(See fig. 3a. It is notevTorthy that a higher valué of a seems to iinprove
tlie agreement). The correspondence between Im with P and Iminel ■ el
with P* shown in fig. 3b and fig, 3c respectively, is also quite reasonable 
(witliin a 10-5 discrepancy) at all energies, It is probably not too useful to 
calcúlate FESR because of the huge unphysical cut below te pp elastic 
threshold.

It is interesting to observe the relations arrong cross sections which 
arise from imposing the compatibilit57 of our scheme with exchange degeneracy. 
Strong ejíchange degeneracy between P' and the vector mesón pole thus leads 
to

inel inel el el
V p  - V p  = V p  ^ V p   ̂ V p  ’ 9̂̂

inel inel el , el
PP PP PP pp ^ m  PP

Eq. (9) is experimentally well satisfied for 3 GeV v ^ 8 GeV, as 
expected fror. the previous analysis. On the contrary, the RKS of eq. (10) 
turns out to be about tv7Íce the LHS in the same range. This discrepancy



probably eximes from a brealcing of exchange degeneracy in M  collisions 
(see e.g. ref. (20) ). A similar relation involving inelastic and elastic 
total cross sections in ttN scattering is strongly violated. This is a 
desirable result, since EXD is not expected to hold in that reaction.

Sumnarizing our phenornenological results, we have found that up to 
energies of the order of 8-10 GeV there is an approxiinate global duality 
between tlie inelastic cross sections and Wj p and P on one side, and 
bet̂ /jeen elastic cross sections and P’ on the other.

A simple theoretical explanation of these facts can be found in the 
model of ref. (6). According to this model 03, p and P, which are 
related to the inelastic part of the unitarity sum. would be true Regge 
polesj whereas P' woxold be the effective representation of the ABFST cut. 
The fact tJ-iat in all processes our scherae becomes less successful with 
increasing energy could also be understood in the framework of the multi- 
Regge model. First, the usual parametrizations, whách treat the P' as a 
pole, are expected to fail asymptotically, no matter ha-; good they are in 
the intermediate región. Thus, the levelling out of the elastic cross 
sections could . be easily explained. On the other hand, the result 
of ref. (6) comes from the smallness of the interrial Pomeron coupling in 
múltiple partióle intermfxüate states, i.e. the smallness of the diffractive 
dissociation cross section. But^ as sha-m in ref. (2 1 ). for increasing 
energy the diffractive dissociation grows and may overtake the elastic 
cross section. From this energy on, our sciiem.e should be taken with 
caution.
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Our tentative a^signeinent of Regge poles and cuts corr’esponds to the 
rescattering relative sign, at variance with the one coming from absorptive 
methods. It is well kncwn tiiat the absorptive sign is in some cases, 
particularly for charle exahange^ the rnost appealing (2 2 ) and attenpts 
have been made to reverse the sign of the cut in the raulti-Regge riXídel (23), 
showing that the theoretical basis is far from fim. However, Henzi (9) has 
noticed that absorptive cuts are generated by reproducing with sinple forms 
the overlap function. Since tlie latter is determined essentially according 
to our recipe, the absorptive corrections seem to be already included in 
our duality scheme for the Regge poles. Regarding the rescattering cut 
associated with P' , we adhere to the opinion of Prazer and Mehta (6) 
that its origin is a more subtle phenomenon.

The fom of glotal duality: inelastic part vs. absorbed Regge poles 
and elastic part vs. P* is an altemative to the usual Harari's duality: 
resonances vs. Regge poles, background vs. PomeTOn. Mone of thejn is 
experirüentally exact but both are approximatively preved in some intermediate 
región of energy.

We are grateful particular ly to Qr. A. García and also to Drs. F. Arbab 
and C. García Canal for stiraulating discussions. We also benefited from a 
conversation with Profs. D. Amati and J.R, Fulco, One of us (C.F.F.) V7ishes 
to thank Dr. H. Mtunez and Centro Atoráco Bariloche for their warm hospitality.
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nCURE CAPTIONS

Fig. 1 - Ccmparison of -rr ~ p amplitudes for t = o with Regge poles.
The solid curves represent the e^erimental data (ref. 11) ), the
dashed linea are the Regge contributions (eq. 5) ).

Tm - i  ̂ r Í2iel inel ,^  ^inel - I "  \  1%-p - i P

^  r S l i  = T  « L  ( ^ )  - •  P  ; ̂ -rr p TT p

c) Im *^0 e  ̂  ̂ * ̂ TI p ir p

+
Fig. 2 - Comparison of K p amplitudes for t = o with Regge poles.

Solid curves: experimental data (ref. (13) ), dashed linee: Regge 
contributions (eqs. (6) and (7) ).
a) Im vector mesón pole V;

b ) I m F < ; > !  v s .  P;

c) It. F^!^ vs. P* .el

Fig. 3 - Conparison of pp and pp amplitudes for t = o with Regge poles. 
Solids curves: experimental data (ref. (19) ); dashed lines:
Regge contributions (eqs. (8) ).
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